ntraventricular conduction delay is clearly found in some patients with heart failure and these conduction abnormalities might be related to a delay in the onset of right or left ventricular (LV) contraction. Inefficient cardiac contraction caused by such mechanical asynchrony may be partly responsible for further impairment of LV function. Cardiac resynchronization therapy (CRT) restores optimum synchrony of ventricular contraction. A metaanalysis of 4 randomized controlled trials showed that the morbidity of progressive heart failure decreased by 51% after CRT, and the admission rate was decreased by 29%. [1] [2] [3] The aim of the present study was to evaluate ventricular asynchrony by the phase images obtained by Fourier analysis using gated cardiac pool emission computed tomography, and to evaluate whether these images can be used to determine the indication for CRT.
Circulation Journal Vol.69, December 2005
up of 3 cross-sectional images such as the serial short-axis view of either side of the ventricle, the sagittal vertical long-axis view and the horizontal long-axis view. Each image was evaluated visually in cine-mode, which is the same as for quantitative gated SPECT myocardial perfusion images. The phase images are automatically produced by Prism IRIX software. Although all images were available for observation, we chose the horizontal long-axis view because it is an easily obtained view of both right and left ventricles.
Phase Analysis Images
The phase and amplitude of the fundamental wave of the discrete Fourier transform in each pixel's time-activity curve (TAC) were calculated and mapped as functional images. 9 These phase distribution histograms described the number of pixels evaluating the end-systolic time angle for each ventricle and provided information about the contraction sequence quality. As shown in Fig 1, there is a clear difference between the TAC patterns inside and outside the cardiac cavity. Because the phase images are produced I  47  35  111  24  2  M  36  SR  120  I  30  25  243  12  3  F  61  SR  111  III  17  25  199  30  4  M  40  SR  104  I  30  38  200  30  5  F  48  SR  131 (intravent)  II  21  23  393  24  6  M  24  SR  118  III  12  16  459  8  7  M  35  SR  95  III  21  13  306  15  8  M  32  SR  106  III  10  21  236  35  9  F  66  SR  127 (intravent)  II  30  24  196  12  10  M  54  SR  98  II  28  36  188  24  11  M  76  SR  75  II  27  40  222  12 from the Fourier first harmonic transform in the TAC, the TAC of the pixels inside the cavity, which is shown in the region of interest #2, does not provide any information concerning phase or amplitude. However, we consider that the edge's movements by tomographic count-based phase analysis reflect the phase value in the border inside the cardiac cavity.
We qualitatively evaluated the efficacy of the phase images using POOL-SPECT (Fig 2) , which meant that intraventricular asynchrony was defined whether or not the phase image was described homogeneously.
We determined the inter-and intra-observer reproducibility for detecting inter-and intraventricular asynchrony in all 19 patients. The interobserver reproducibility was determined by 2 specialists in Nuclear Cardiology. The intra-observer reproducibility was determined by the original interpreter rereading the images approximately 1 month after the first reading. The inter-and intra-observer reading concordance rates were 85% and 90%, respectively.
CRT Setting
An atrial lead was implanted in the right atrial appendage, and a right ventricular (RV) lead was placed at the RV apex. The atrioventricular delay was programmed to its optimal value using echocardiography. A LV pacing lead was inserted by a transvenous approach through the coronary sinus, and placed in the left marginal or posterior cardiac vein where the maximal blood pressure gain was obtained.
Statistical Analysis
All values are given as mean ± standard deviation (SD). Comparisons between groups were made using Student's t-test. Linear regression analysis was carried out to correlate quantitative variables. A forward stepwise model with an entry p-value of 0.05 was used. All analysis was performed by Stat-View version5 (SAS Institute Inc, Cary, NC, USA)
Results
The correlations between the clinical findings and the presence or absence of ventricular asynchrony are summarized in Table 2 . The LVEF was significantly lower in patients with both inter-and intraventricular asynchrony (p<0.01) and the NYHA classification was significantly higher in these patients (p<0.01). In the follow-up period, cardiac events occurred in 40% (4/10) of patients with both abnormalities compared with 22% (2 of 9) of the other 2 groups and the cardiac event were more fatal. Additionally, 71% of patients with a wide QRS and 41% of patients with a narrow QRS showed both inter-and intraventricular asynchrony. 
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show separate contraction of the right and left ventricles, which suggests that interventricular asynchrony is defined by whether or not the peak of the picture elements of the right ventricle in the phase histogram fit those of the left ventricle. In a patient with advanced heart failure (Fig 2d) (LVEF 11%), the phase images show that both right and left ventricles are more heterogeneous. The phase histogram is very wide and the peak of the elements of the left ventricle is not defined. These images are totally different than those in Fig 2a. 
Effect of CRT on Ventricular Asynchrony
We used the phase images to understand the efficacy of CRT mechanics. Fig 3 shows images from a 32-year-old male who had undergone implantation of a LV assist device (LVAD) because of cardiac shock from DCM. Because his condition improved after the implantation, we tried CRT instead of LVAD support. During the On/Off test of CRT, as soon as pacing was off, LVEF deteriorated from 29% to 22%. During maintenance of resynchronization, the asynchronous segments in the LV became more localized, suggesting that the intraventricular asynchrony was improving. We quantitatively measured the ventricular asynchrony. Intraventricular contractile asynchrony was defined as the SD of the mean phase angle for the LV and RV blood pools. The SD in this view was 38 degrees. As soon as the pacing was off, the SD extended to 43 degrees. The difference in the peaks of the picture element of both right and left ventricles was smaller during pacing-on than during pacing-off. Interventricular asynchrony was defined as the difference in the peaks of the mean phase angle between the LV and RV. During maintenance of resynchronization, the angle in this view was 39 degrees and after the pacing was off, the angle extended to 70 degrees.
Quantitative evaluation for 7 consecutive patients who underwent CRT is shown in Table 3 and Fig 4. During the mean follow-up period of 3.8±3.6 months after undergoing CRT phase image using POOL-SECT showed that all patients had an improvement in their NYHA class to I or II. The LVEF significantly improved (22.1±3.7% vs 36.6± 9%), but there was no significant reduction in LV end-diastolic diameter (62±11 mm vs 62±10 mm). The interventricular (average 47 degrees vs 9 degrees) and intraventricular (average 103 degrees vs 67 degrees) asynchrony significantly improved after CRT. The degrees of both inter-and intra-ventricular asynchrony were related to the degree of cardiac depression pre CRT (Fig 4) . After improvement of these parameters, the remaining inter-or intraventricular asynchrony was not related to the degree of ejection fraction (EF) (Fig 4) . One patient died of heart failure 3 years after CRT setting and another died of a non-cardiac event 1 year after CRT setting.
Discussion
The results of this study confirm the clinical usefulness of the phase images obtained by POOL-SPECT for assessing the impact of CRT on LV function. Previous studies used phase analysis to detect mainly the site of accessory conduction pathways and the region of infarction. 4, 5 Recently it was reported that in approximately 30% of heart failure patients is associated with intraventricular conduction delay. CRT, which co-ordinates right and LV contraction, has become an established therapy for advanced heart failure. 6, 7 Although current methods of imaging ventricular asynchrony use Doppler-based approaches, such as Doppler tissue imaging, 8, 9 it was recently shown that the phase images of multigated equilibrium blood pool scintigraphy are useful for evaluating asynchrony. Kerwin et al have reported the efficacy of CRT for improving interventricular asynchrony according to the phase images in conventional 2-dimensional views using multigated equilibrium blood pool scintigraphy. 10 Fauchier et al have shown that the prognosis of patients with DCM is related to intraventricular rather than inter-ventricular dysynchrony. 11 In our study, the phase images from POOL-SPECT enabled us to easily visualize inter-and intraventricular asynchrony. The patients with both tended to have more deteriorated cardiac function, and experience more fatal cardiac events ( Table 2 ). The prognosis of patients with both inter-and intraventricular asynchrony evaluated with phase imaging using POOL-SPECT is worse.
Seven patients in this study were responders for CRT setting in the follow-up by phase imaging using POOL-SPECT. There was a significant difference in EF before and after CRT; however Tada et al have reported that there was not a significant difference in LV diameter and EF before and after CRT, 9 and the difference in these results may relate to the observation period. They performed the measurement within 1 month after CRT, whereas our observation period was from within 1 month to 11 months. One evaluated the effect of CRT both short-and long-term, the other evaluated the effect of CRT in the short term. On the phase images, the degrees of both inter-and intraventricular asynchrony were related to the degree of cardiac depression before CRT. Furthermore, the phase images could evaluate the significant improvement in both interand intraventricular asynchrony after CRT.
However, compared with Doppler tissue imaging, phase image using POOL-SPECT for CRT has the disadvantages of cost competitiveness and repetitive technique. However, the efficacy of equilibrium radionuclide-gated blood pool angiography for evaluating the details of cardiac function in the patient with advanced heart failure is commonly recognized and in such cases, it is very useful to be able to evaluate cardiac function, LV volume and the ventricular asynchrony in a single test.
Study Limitations
To better clarify the efficacy of the phase images of POOL-SPECT, a quantitative assessment is mandatory, although there are many potential difficulties to quantify. For example, although we chose to use the horizontal long-axis view, there are many slices generated in POOL-SPECT. However, decide that this projection was the most valuable because many of the CRT leads that lead to resynchronize are located in the posterolateral wall. More discussion is needed about which projections and slices are better for quantitative measurement. Furthermore, we defined although intraventricular contractile asynchrony as the SD of the mean phase angle for the LV and RV blood pools, we are concerned about the possibility that the width of phase distribution might be corrected by the size of the ventricle. More clinical cases and foundamental experiments are needed.
Conclusion
The phase images of POOL-SPECT are useful for assessing inter-and intraventricular asynchrony, and the technique has potential for predicting the indication for CRT in patients with advanced heart failure.
